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£r 1 ^fl-I^H ^JS]^ 1 S) olAj-ol Al^o]^ l ol^o} ^^o^ 

* 7>^§>7ll W. 

£ 1 



39-3 



^ {Simulation-based Verification Apparatus Achieving High Verification 

Performance, and the Simulation Method Using the Same} 

<i> £1 £r ^r*r €31 ^ H £^l*r 51^. 

<2> 512 £ ^°11 ^^1 ^1^1 5£ ^r-E <H 7fl=*^5lS SLA] 

<3> 513 £r ^o>§l-^ HJ-^OJS. Al^eflo]^^ ^^§>^ 7 fl 5f= 

^513. 51^1*!: 51^. 

< 4 > 514 ^ #^^1^ ^l^Kr 1*> ^3H^ i*} o]^o^ Al^efloi^^- s- 

<5> 515(a) ^ 511 ^ Q£t °l-g-^r €^ ^*J«Hr 7fl^ 

515- 51^1 ^•^|51# 51 a] €rj- 

<6> 515(b) 512 Sr ^ °l-§-tr ^ ^3)*Rr 7flSf^ 

SLsL S.X\ ^ 51 a] ft ;£t£l. 

<7> 516(a) 512 SJ- ^ ^ 2%\ X\^$]o]# 
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<8> 516(b) tt 512 ^ ^l-g-^r A 4A] ^°fl*1 2*> Al^eflo]^ 

^ ^3§Rr IE tf-E 51^ 51^. 

<9> 516(b) 512 ^ ol-g-^ ^ 3^°1M 2*} X\^o}& 

<10> <5i^<3] ^JfL^ofl tfltt ^> 

<n> 32 : 4iHH3H 34 : ^l^-efl^l^ 

<i2> 35 : ^Jfi-B] 

<13> £ ^7}m ^r^ 1 ?} TflolH^" °R>^ T^Xl# A]^Eflo} ^j^- 

7]^o11 ^ -M^m TllolH^- °R>£] Al^Bfl^. Al^efloi^ 

* 3^*l-u!*> ^ 3^-°fl ^ 7 yx\7]^ ^ o)^ 

<i4> ^£|5L3] tiV51^ ^7l^o] ^sj-Tfl ^^-ofl t4ey x^^l 

iJ- S]S ^7^ fl-5171- 2^ ^flfl^ Tll^H^l^ ^€^> 7flolH#^l ^ ^ # 
5] 31 $l^r ^jMlS. 7]-^ TJjeflofl ^ o] o]Aj-o} ofl^ji H 

sIM-, ^HHl^i^ t;^ c| ^l^ris nam i^H^l 7fl 
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°>^> f^s Ham *1*> ^°il ^>¥si-€ ^^.s ^^1^1 5] 5.1- a-ir^i^s. 

<15> ^^Mfe ^31^ C]^m ^^}7) ^*H^ *rH-*ll<H 7l#^i 

^(Hardware Description Language, o]^- HDLS. ef^^r)-!- e>l-g-*l; ^, 

7)d\)^r ^HS^-lH^ ^e^^l HDL Al^- 5 flolEi#(^S. Verilog °] &\ , VHDL 

All-iSlMBl, S^r SystemC *l-ir3H^ -f-)o] ^ S A>-g-s] x]uL o]^ ^ 

AH-^olEjir ^Tfl tfl^S.# iHS^l^^S S- 1 !^^ <y^s^ 

^ ^l^^S. ^€ 2Hf ^^B-l ^H^-S. ^|sH^ ^rSL 

tfl^ 37]^ ti] 311 §H ^SKr ^l^r £]J1 XI ^f. °d ^lS. 1000 # TlHH 

^ HDL Al^olEiS. ^l^H^Rr ^-r-°il €^*Rr *fl^ nam 5. 

^^fB^lA] Sfl^- HDL Al^ellolEiS ^7ll# Al^sflol^^ -f6fl 

All-elloi^ s^l^E]Ai^^^ (Register Transfer Level, ^.3. ^# RTLS. 

^Jf)°S 10 cycles/sec# ^7] 7] <H3-*M, >fl°lH A]f 

BlH^ ^1«J§>^ 1-2 cycles/sec* ^7]7l7> ^3}^ nfl-f ^^M 1 *. ^ 

M- ^31* ^^§>317> qgjl^ Al^e]lolA£ Afol^ ^ ^!afln> Al-ol^oHA-l 

El ^rfl A>ol^ol ^A^S ^ Al^eflol^ Al^ Aj-Aj-o. ^^§1-711 £ 

<16> o]<2}- ^ ^-X|7J;<21 ^ Al^ ^§>7l €7lH Af^-Sl^ 7 1 

^ ^§ol ^tfl, ^*fli=. S}3^H 71^ Al^^(^i S Al^eflolAl 
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7Hr7l, ofl-i-^l^lBl, FPGA HSSBfo]^ A^A^-)* A}-g-§}7i4, #*fl^ 

1 ojAj-o^ ^^(^ 100 cflSl ^3.^H4i)# HDL Al-^slME-l-t- °Jif*l- 

Jl o)^t 3.^-$] LilH o^^=- s§v^ ^^^^^^-(simuiation farm)* Af-g- 

*>^r ^K^H 71^5] A]^* A>-g-§>^ ^ ^Tfl ^7lofl^ 

^■8-°l l:7 r ^ r ji, t^ 6 H- HDL a1^1o]e|# A>-g-§>^ ^icf o_ 

Hfl ^BH, A>-g-§>7l7l- HDL Al-i-^o]Bl6fl nfl-f <^ ^ 37 , Al^S) ^ V] -g- 

HDL AllrSll^lBl^l tfl^ ^Jl£7]- o]§ §>^^c^ ^ Ali^ofl yl§><^ nfl-f 

HDL Al^eflolE^^r ^ £-*f| ^^1 5]^ -S?H 3=^1 e>H.^<H 7] 

Al^BflS.^ ^l*r^Ol Aj-W ^1*^^ AV^-7 r S-C]l^n> A]-g-5lj! a*!; A]^ 

#iS|)ol,g aI^Vo] <H^* A^Kr ^-M^r Al^-eflo]^ ^-(simulation farm)* °] 

<17> ^*\, ^ v)*\igX\^ ^]6\) cfl*V 

* Al^eflo]^^ ^Kg. it^AS 7 r ^S>7ll § r ^r aI^-^o]^ A^j 
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W ^>^7] ^sflA-i Ai^-efloi^ ^ #o{| 0.3L ^ 

^#^1 cfl* ^-8.^*1 » o\)^-s}7) a^tRr %o]t±. xx\-^ X\ 

^ ^meflo]^^- ^sj^b ^-M^r, ^ *H &3I 

ir ^ a] 331 s->o^ X|^-31ol^ ^^aI^Vo] tflef 2«1HH SMl^r lO^fl ^<H*l>fl 
^- ^ofl^ ^7^1 SH^l^i ^5^1 4^*1-71 ^7^1 

ofl^i ^ ^ o i3 =^ 7}^S)-^ « 0 v«^> o]^- <^ yi^ 

<18> ^-71 ^^>7l £ ^ofl ^ ^Tfl ^ ^ 

HH^O^ til-S^^^l-g- ^1#^1 0 1B|7> 1^1^ ^^S- ^^4. 

^HH^M^r ^BH^l ^JSH, n]-<g Aj- 7 j ^ 3^ ^ ofl # 
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^*g^Kr ^(functional verification)^ Aj-g-^ ^ 5^ ^ o^i^, 

nr 9.X Jl, yfl^l (placement) ^ ^(rout ing)°| sqjL ^#^1 Bj-^lU^Ji 

1- ?1HH^51 LllH^^H^l ^j^-A]^ (back-annotated) ^*J*Kr Bfoj^l ^ofl 
A"| HL Aj-g-S] ^ $|cf. rieiM- 2H X>^# ^#§Kr 

3^ *>7lS. >flolE^ Q^o]t\. 3^ tfl^S. ^ « 0 V 

<20> ^HH^lH^r €7fl 2Hf ^1 ^ 7l oil Cf ^7>^ ^1 2Ef ^-7}f 

^f. ^-71-g SH-^r 7l^^ €31 A] ^sfl o] A£ ^sj^-^ 6fl ^ oj 

^ Al^-^o]^oi >y-Bfl^. ^%K^ ^J§rJi, ^Ml A>-g-X r 

5] <L^-6\] v%^X\ Al^Eflol^o! Aj-EflS^-E-l t±X\ X\^]o]^ ^7^}?]} *f 

rf. Al^ol^S] Aj-HfleJ Al^-^o]Eis]-ir ^HH£)H ^*j£|^r ^ofl 

A"| -2] ^ A-|;*HH Al^eflolEiol ^ 3JL# <H^±r i^M. o]^ ^E]HS- 

^ ^(wait)S. 3k^7\ 7fl7fl(resume)§>7l a^Vo] £] ^ ^ o) 

§>^r 55.3^2] Aj-Bfl -frA^r}. o]<4 ^ Al^H^o} A o T-Efl 

S-^-Ei tfA] Al^-eflo]^^- *fl7fl<5Hr ^-f^Tr A>-g-.x]-o] ojt^o]] ^7$ 2H<fl 

#*fl*)-*r sis. A]n^^ #^#011 tfltb ^ ^§1-7-1 M- 
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A§7jl 2Ho|l ^fl^Rr ^ Aln^s-om- ^^s-cfl tfl *V ^*}7] 
^ ^Jt4. «K£*)l^§7]l-g- ^l-i-^^lBlS. HDL Al^Eflo]Ei(Verilog ^#^1^1 

BlM- VHDL ^l^e^lBl)!- Aj-g-^ ^-fofl A-|^jo]^o] Aj-Bfl-i- ^^j-^ wj-^s] 
*r ^S-*} HDL ^ll-ell^B^ save (NC-Veri log, Veri log-XL, VCS^l ^ 
checkpoint (Model sim^l ^)eRr A}-g-§}ji, aI^H^ a] #ofl a} «- 

B| A^fls-Rr «o>^S] tr ^I^a) HDL All-5flo]EiSl restore(ModelSim) ^ 
restart (NC-Veri log, Veri log-XL, VCS)2f ^ Af-g-^- ^ o]^- ^ 

^# #^§1-31 °lf ^*3*Kr 3L*HH «>H.Al A^j $*flSRr ^ 

f°14 ^ ^^^1^1 ^ $151^- ^ ^(probing)^ 3f 

^oj *j-Aj- 3tio.g>^. nsm- &Jft^ ^l^f ^ ^Tfl SH.*^ ^§711 If^r 

Ji ^ §1-71 bj-^o] ^ ^ ^In^^^lM- #^#<>1 ^ 31*1*1 

« ^m^ll^l^d ^ ^^1 *cWl *ll^m ^7> ^ °WS1-, °1§ ^ tflAj-6] 

bj-^i aI^o] o^j ^Atr^lH ^1#3H^ ^r*3 ^1 3^*1 °fl^r trf 

Til -2.-fM s^Rl €-S-tr ^ *ll:3H4i Ai^oflA^ ^ x\n. 

OoflAiW-Bl l*> Al^eflo]^ ^ S a1^z7>x] ej-^i cflAj-ol ^ Ajn^s-om- 
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aH ^§7fl 3Hi €^fl§Rr 5L€- a] 3.^2}- ^^r## ^ tfl#o_s ^^§>Ji a] 
#^1°!^ ^ ^HHl ^A} ojs.^- Al^^o) yyo) 

Til *l*J*r*l &3L Al-i-^ol^ AlSj Z}^ %6\] X\^o)# X\ 

^Vo] cfle* 2Ufl<^l^^-B| ^|cfl lOtifl o]Aj- ^ 7 >«l->fl 5q<H o] x^j 7^ X] 

3711 All ^tj-. o>q^ o]^ ^-o] A^j ^flsl-ir 2-€" 

3*11 AH-Bflol^ ^ofl zJ^X] ^H§>711 £1^ ^HSl^r CI] o] ^ ^ 3_ 7l7l . 
^ 7l7fy>olH^Ai^-Bl 7]7}u}o)^_ o]Aj- ^7\^\t\] °l^r ^ ^ -§-^= 

3 3Hb-i# *\^}7] ^n^]^ tfl-g-^ §>H.ci^a.# lis ^ W ol-qel-, °1 

<q- Aj-oj ^-xj ^A](o,j S VCD §>^cl^H.^ t-HojE-ll- ^^B-lS. t-1 

o]sl-A^ 3^-«3^7l (waveform viewer) S £-^§Kr ^^HJE nfl-f £ a^o] 
S>7ll °1 S?t #3) ^ A] 71^ ^7>Al7l7ll €^r. *H<?rS|ir ^ 

^ 1a> Al^-eflol^ ^ej^- ^711 S^ofl #^fl§>^ ^IJl^t^ 

A]^ &J£4^ &SLg,*\ AH-^ol^. AlTi^ ^7l-# a2fl§M A] Al^5llol 
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oj^io] * 7 ]. Al^eflol^s.^- 7 ]^^6\}X\S>\. ^ Al^^o]^ a]# 0 °1H ^r*3 

^l^t lim^S. X\*)-6\]a]K-b\ pfl 10,000 

^ c fl 5,000 ^llrelH^ ^°1#^>^-)^ ^ €*Kr a]^ ^ , 

fr, ... t t v\t\ *\^°]&S>\ Aj-Efl 5q> 5lj ... St# x^Al^l^ o]<4 ^-o] 

Al^-eflc]^ a]# 0^^^n> oj-^B}- o] ZV ^ X] JjLBjS. 7>^§>7ll 

-a^i -2.^-3 ^*i# ^§>oi ^o.«v ^ Airi^^^m- ^ 

(^_£L*1 3-M*r ^711 2Hofl ^fl^Rr 2.^ A] ri^W ^)^}3l o]§ 

^ tfl^ofl tfl^; BJ-^ol Allelic] A| A^tHH 3flj5Jfr Sj-^ tf-g-, 2 

BflS-ofl^ O] ^^-o] <£<>\^ All-511 o]^ Al^Vol ^Ol rfO_*V A] 1-511 o]A£ A^cfl 
(4, t e )$) ^S-A]^ f e cllA] Al-i-iSfl©]^ ^A-l^AK elicit A]# 

10,000 M-i^S]- 20,000 M-t27f $J-b ^-M, 10,000 20,000 M-i^°H 

yl*>^ Al^l^o.^ g-A-1 $J,tfji ^1-ji, 20,000 M-^S^r 10,000 q-i^ofl «1 a] 

iH^S ^Oll $1^J1 ^ ^oll o}- AH-eflo]^ Aj-Hfl Si S. Al 1-511 ol^ 
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^] ^ nfl^l ^JIW. rfl 

<2i> i£ x^-^ h^o^a-^ ^Tfl SH-oflAl DUVCDesign Under Verif i cat ion) 

BfliHiffl^Hl #*fl§Kr A% °l^-*r ^ ^ ^(divide & conquer) ^ 

^ ^H^Hl tfl*H ^Kg- ^eJ§H ^1 2Hf 2 4i7ll#^-#S(M7fl 
3 ^7ll^#S. ^S|5a^31 7^) u^fal, 6] zVzVofl ^7fl^ 51-g- 

^^^f ^ «lf ^ cflAj-^o] i^f Al-^sflol^ 

(design ModO^M 3.711 DUV ^rH^r ^1^H«]1^1 2-^# SLU^x}. ^n> 6} 

MSr, °lt DUV^ B^s«31^1^r ^*>^iLS- 7fl#3Sl vfl-^1 t}-^ 1 

51 7Mji 61^^, °lt §^5Lt zj-zj-s. ^T^ll-^^el-ji 4}- ^ 
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7fl^ Al^eflol^ ^^4<a# o]Q ^O] ZV ^Tfll-^-^S. AflS.^ tft^E 

^1# ^l^reflo]^ ^3f<a^ ^*J«H "^W^* 

UHlS VCD sfH)* ^H^lS}- *}*} £>J7 ^ <>1 -§-<?} Til £]t£ ^ 7-1^2)- A] 
^ell^ Sfl^ ^7]ll-^-# ^Ml a^H^ §} 

API (Application Program Interface)* ^H^r^ 3KVeri log^H^ PLI , VHDL°il A i 
FLI neiM- ol«4 ^ API# A>-g-S><^ igs.^ A]^-^o] 

BH1 ^¥^-171711 API ^Ht^H^ ^£7> 3.711 *1*H§.£. 

S. ^) $cf. neiM- ^e^l A>^-Eli- Al^efloiBK^lS Synopsys^l 

VCS 7.0°1#)0|H^ API# A>-g-s->xl ^rjl SJ^5L^(^S C, C++ 2H)f 

$}o]^o\] <£JZ-X\7}^ 7j\o] 7} ^}7}5L ?N1 , ^ ^-fo^ ^ a]^) 

ol^^A-1 cj 5f <£o]# s^^g- ^ °l-g-sH ^ll^lH^ 

^r^M M7fl^| 7.11;5ll o]^ aj^ ^JE 7Br§ r tr. °1 ^°ll ^A] Sl 

JfT°\) cfl^r 31*1# 3}-^>7l ^71-^ o] Aln^om- ^^o\) rflfl BJ-^o] 

^A^r ^71 M7fl*l Al-i-eflo]^ ^ 
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?fl #-!=--& 6fl e^Rr SL€r Aln^s-cm- &^d\) tfl *b ^r^§>^^ A^l 

^liSii^lM oi-g-^t Al^efloi^o. Al^efloi^ ^iEl- 3.711 #71- 

<22> ^ 3= 7> xl y o >^#^ 71^^ Al^eflol^ Hj-tf#oll t^tto} mig 

* spEL^H 71^5] #^##(ollS. §KEL3H oH§5llo|Bl FPGA HSSB} 

°H A>-g-§>xl ^ji^jr Al^-e^l^^ 3711 
5U^. ^71 ^7>xl H 0 >^#^ ^ h o V^i= 7^§>rf. 

< 23 > zieiM- a ^HrefM^ wj-tf^ b Al^efloi^ h^o] ^ofl t\- 

^l^^l *r -f-S A Al^eflo]^ ^ 6.ofl 2*1- 

AllrelH^H ai^^o]^ sj.j7*> ^ Ai^tfl ( 4i 4 ) 7 1- nfl-f ?j ^-fofl ^ ,._ lf 
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ti-2, ... U-n Al^^Ai^ ^ n+1 J^O} A] ^51101^0. ^j-^O.^ ^Sj^6> ig-O. 

<24> 1*} Al^-^O]^^ 7]-^«t ^tfl^SS. HH>^7ll ^MS^l^S., IS] 

9} 7^ 1*> All-^ol^oHA^ ^ d^o. Z]- AH-iS||<5lBl7> £] 
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^^H-7ltiK event-driven) ^5lH^l- A]~g-§]-i- tflAiofl A }o)^- 7 ] ^(cycle- 
based) a1^-^o]b1# Af^-§>^ ^ojcf. Ajj*fl VerilogM- VHDLS i§7fl 
2Hf ^r¥Sr€ y o v ^(^lS. HDL2SystemC ^W^: A]~g-§}-e*] A-^ x}^ ^¥ 
-^-S- SystemC 3HS HDL ^^0^ tflxiofl SystemC Al^-5flo]Eil- a} 
-g-^Br ^°li=f. H^^-S. SystemC aI^oIe^ Verilog Al^olE-m VHDL a]^ 
^o] E ^ ti^H nflo. uHfs^l ^ ^ ^o] 7V^§>cf. #^5]- ^fl Hj-i^o] ^ o. 
^l-b 1a]- a]^-5Ho]a^ SystemC ^^£^0]^]^- A}o]s_ 7l ^^.^o-)^^ ^§]- 
^ Al^eflo]^^ 12] o]Aj- X^>§Vir tflAlofl ^Tfl -2. IE. .2] # £J| ^ JB. ( # Efl ^ 
iL^ <?]5]51 A] 33 Al^oflAi A^] SLB-d]} ^fl*Kr *ll ^Ap^] &)# 
15] o]Aj-o] A]^^ 15] o]Aj- A-j^jl, 1*> o]«lo] m o]Aj-o] Aj^ellol^ 
# 2 o]^-5] HDL A]^- 5 flo]E-]l- A>-g-sr>ji ^igAjo.^. ^r^Rr^ aJ- 7 ] 1a> o]j=Lo] x 

5] ojAj-O] Al^eflo]^ Zj-Z}-^ Aj- 7 ] ^]. Al^Sflo]^ >-«J 3ZH? <*IM A] 1 ^Aj-O] 

i§7fl ^7]AJ-Efl# cfSTll A^^o^ ^Sj^-rl. I*]. ol^Lofl ^£] 

*r Al^eflolE^] A]~g-5]-^ ^AE|^]^ 1^> Al^eflol^^A^ A]~g-*1 E^S^^K^ 

S. SystemCS i^H^Dl- Af-g-f> ^ oi^. ™.n> o>qe]-, #*fl<s]- 

« y o Vt ^HH^r IaV ^§^01^011^ A]~g-£]^ ^-.^olE-l^ 1*} o]^L A] ^ 5)] o] A} o]] 
Ai Af-g-5]^ A]^-^]o]Ei7l- A^ Aj-o] 1g- 0.3I a] ^]o]A4 Aj-tfl- o]-g-§]-^ ^ o] «- 7 }- 
^^.S. ^711 2E2] Aj-H]]^^^- o] -§-§]- a] o) ^ cj-g-o^ DUV^l ^ ^ W 

1a> A]^^o]A£ sj-^ofl ^^A] Tg-^Sj-jl *IH 1^1- o]J5lo] 
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<25> ^ o>q5f, <%6)]A] o}^- 7l«^ RTL ^) 2Bf <>l-g-SH RTL^H *1# 

5fl^l^*t RTL ^§7ll 51511- ^(synthesis)§M^i XMH-tflHBliH-i- ^ 

RTL ^Til 3Hf ©l-8-*H RTWl^l ^llr^H ^h^l €31 2Ho]] tfl^ 

^^it l ^Hr^H^ ^l^HMi ^^ui, 1*1- ol^M is] a]^ 

efl^l^^r TflolH^^Ai^ Aj^^cl^o. ^ RTL Al^eflol^^Ai 1 o]Aj- 

<26> ^>7l ^-^ <2]ofl a. ^ol cfS. S.^ ^ oj^£-,g- ^w.^ t=t£0- ^ 

a1 oflofl tfl^ ^Mltt ^f-SH ^e-iM-Tll € 

<27> 511 £r, ^B^H ^^Sl^r £ ^ i5E?fl^ ^1 ^" ^1 °1 # ^ 

*r 3^5. £ #^°11 ^ ^711 ^1*1 <a <m# 7fl^^^S 5lX|^l 

<28> 512 ^r, ^B^H ^^Sl^r ^- Al^-^olEil- $t 

2 ^1^ ^B|#2f o]^ ^^E-jS-O. t)lH^ja.S. £ 

^^1 W ^711 ^ x^-s. <g ^.g. 7 l]5t^ o_S. 51^1 ^ S^olcf. 

<29> 513 1*> ^llre^l^ ^r*J 51f^l ^7l^5^S aH^H^ ^>Hfl# 

31, 2*> ^11-^1^1^ ^r^H 1*> ^^H^H 7-1^ ^ n+l/ll^l ^l^sflol^ 
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^ 6 1 *13M iHtf ^melH^ €-8-^ ^H-efl^l^ 

^AaHI^t SUitf Ai^o.^ SJr^d *l!:3M>9 5i-i, Si- 2 , ••• S- n z^Jis 

^l«3§Rr 7fle>^^S. 51A]*V ^o]rf. 

<31> 515(a) £r £1 ^ ^ o].g-^ A^j 7fl^ 

51 A^ ^nol^, 

<32> 515(b) 512 $\ ^ ^ s 3*Kr 7fl^ 

51^1 *V ^£o]t4. 

<33> 516(a) 512 ^ ^ o]-g-^ ^#0^ 1^ o^o] Al^eflo]^ 
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oj^i-o] Ai-i-ftfloi^ 4J-« 4i^M °lt 2 ^l^re^i^ a o t-^ s 2 A ] 

Ir^^Bls.^ Al^eflo]^^- °1 2 °l4j-£] Al^eHo]^ ^l^o.^. 

al o]§ Al^^o]^ Al~g-*>6fl>fl afl^^ 3f^-g; SLA]*!; n^o] 

<34> 516(b) 512 ^ ^ ^*1S °l-g-^ 41 Til 1*1- 

S\-^d\]X\ 1*} Al^eflo]^ Sj-^oflA-l 2 C.]Aj-^ ^ S r=oj Aj-Efl *j ^ofl 
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